Introduction
I would like to let you know of an approach f r o m p r o b a b i l i t y t h e o r y t h a t i s q u i t e interesting.
Some people think that the theory of probability is not something easily understood; therefore, research activity on fires using the theory of probability is not yet common. Now, it is the purpose of my presentation to let you understand the importance and appeal of probability.
Necessity of Probability eory

Uncertainty in a Complicated System
The first topic is the opening and closing of doors in a building. When you investigate the movement of smoke, you will find it is affected by the opening of the door. Then, in order to study the fire safety of a certain building, the calculation should take into account of the door opening. Let us suppose we have ten doors, then, the number of cases we have to cover is 2 10 . We need to calculate the smoke fluid dynamics 2 10 times.
Skyscrapers have more than 100 doors, so the calculations accounting for doors opening and closing will be so time consuming that even computers cannot handle it. In short, we cannot perform the calculation even with a state-of-art super computer. Now, we face with the major problem how to deal with such a difficulty. To be honest with you, this problem is an assignment I was given by Professor Wakamatsu in a seminar when we worked at the Building Research Institute.
I have not found a definite answer until now, and I still keep it in mind. I personally call it the "Wakamatsu problem." Anyway, it is apparently impossible to calculate all the cases. If there were a solution to this problem, I do not think we could cover all the cases but could assess safety by calculating the probability of the risky situation. 
Y.AOKI
We cannot delay the solution in actual fire prevention engineering no matter how difficult the problem is. Present methods to obtain a solution to this kind of issue are to define the most probable case or the most risky case, and to consider a countermeasure by conducting an analysis on the case. But, if the scenario we first anticipated is not correct, the countermeasure will be totally wrong. In fact, most disastrous fires occur when the cause is beyond the scenario we expected.
Building Research Institute once conducted a fire experiment with an unused building. The experimental data planned to be acquired by a computer. At the final stage of the experiment, the fire was spread over the prediction, the flame melted blow and electric wire from the window. The computer stopped and all data were lost. We
had no idea what Dr. Kawagoe who was a leader of this experiment would say in the press interview. We had expected that he might apologize because the experiment had cost so much. But he said, "What we did not expect happened, that is the essence of fire." Everybody at the press interview thought, "Yes it's true," and was satisfied with the answer without any specific reason. In fact, many unexpected things occurred; it is an important feature of fire. This advises us that we should take into account the occurrence of unexpected things. And this leads to the effectiveness of probability theory, which treats uncertainties. When we have some unknown factors, an approach using probability is necessary.
Aspects of Probability in Physics
If we point out the effectiveness of probability too much, some people may argue that there is no relationship between physical phenomena and probability or that it is not necessary to introduce probability to understand physical phenomena. But they are not correct. Probalility is sometimes important to understand physical phenomena themselves. I would like to provide a very simple example. Now, we have a string whose length is n (refer to the figure 2.3.2). Suppose the ignition probability of the string is p when we heat the string with a flame in the range of the unit length. Let us consider the probability of no ignition of the string of n length. The probability of no ignition for a unit length is 1-p.
Then, the total probability of no ignition for n length is (1-p ) n . This is the probability of no ignition for the n-length string. When p is small enough, the probability of ignition is approximately np. Here, what is noted is that the probability of burning the n-length string is as much as n times larger than that of an unit length string. This means ignition has a size effect. What I have discussed is the example for one-dimensional material. But the ignition or firing occurs from a two-dimensional surface from which heat energy is absorbed.
If we apply the same kind of theory, the probability of ignition will be n times larger when the surface of the material is n times larger. The ignition probability will be k 2 times larger when the material becomes k times larger, maintaining the analogy of the configuration. If we think more about it, the result of the ignition test using a standard sample is different when we change the size of the standard sample from the probability point of view. This leads to the conclusion that the size of the sample should be unified.
Utilization of Data through the Model Based on Probability
Sometimes data from an actual fire or experiment cannot be properly utilized because they use a definitive model. I will show you an example making the best use of these data by a probability model.
Professor Wakamatsu, Mr. Morishita, and others investigated the propagation of fire. In those days, the Markov model, which describes the transition of fire phase by probability was already developed (refer to the figure 2.3.3). We supposed the Markov model parameters using the actual data of fire phase development , which resulted in a good accordance between the model and the actual data. If we compare the propagation of fire phase between a wooden building and a reinforced concrete (RC) building, we can identify the point where the development of phase is delayed for the RC building. Thus, we can derive a lot of information by using the probability model.
Study on Fire Using Probability
In fact, studies related to probability have been conducted in the past (refer to the figure
2.3.4). Our senior researchers at the Building
Research Institute were involved in looking into statistical data carefully before and after World War II.
I was deeply impressed by the reliability analysis conducted by Dr. Lie in Canada.
But few researchers followed Mr. Lie's study, maybe it was because probability was not yet popular. 
Y.AOKI
Inspired by Dr. Lie, I made the probabilistic models of fire spread mentioned above, the ignition probability during earthquakes, the transfer probability of flame between buildings, and the propagation of fire within a large urban area, and so on in the Building Research Institute. When we consider the fire from the aspect of probability, we can explain the phenomena or find good results by using various models.
Dr. Yashiro, the next presenter, introduced the fault tree analysis at same time, and he extended this method to be valuable for actual use. Recently, we have various kinds of risk analyses including Dr. Mizuno's study.
Decision Making and Probability
The next topic is how we apply probability theory to rational decision making for fire prevention. Recently, this area is called risk management, and some research has been started. Dr. Thomas proposed this concept first. He studied the application of passive design and active design in the late 1970s.
Passive design is a countermeasure confining fire within a fire zone by firewalls, and active design is a countermeasure to extinguish the fire with sprinklers etc. In Japan, they focused on sprinklers; on the other hand, they focused on confining fire by firewalls in Europe. Dr. Thomas studied both cases using a probability model to conclude which decision making process was more rational.
I will explain this issue with a more concrete example. Now, the problem is whether you bring an umbrella with you or not when it may rain.
When you have an umbrella with you, we get a score of -1 if it rains and -2 if it is fine.
When you do not have an umbrella, we get a score of -9 if it rains and 0 if it is fine(refer to the Figure 2. 
3.5).
We define the probability of rain as p, then, the expected value is -2 + p if you have an umbrella, and it is -9p if you do not have an umbrella. Let us plot these two expected values in a graph (refer to the Figure 2.3.6 ).
This figure clarifies that we should bring an umbrella with us if p is greater than one-fifth, and vice versa if p is less than one-fifth. We can make a very rational decision knowing the probability and the score of each case. Dr. Thomas proposed that these methods should be applied to fire protection, and they ought to choose the decision rationally. (PART 2) The Assessment of Fire Using Probability Theory 278
The discussion I have had is based on the principle of the maximum expected value. I took an example of discrete options, but there is no difference for a case with continuous options, which can be easily understood by looking at the same graph (refer to the Figure 2. 
3.7).
However, the expected value of the benefit, in other words the expected effectiveness, might not be the only goal function that should be maximized. Another important example is to minimize the probability of the occurrence of a grave disaster.
Improvement of the Scenario
Occurrence of an Unexpected Scenario
The above example includes a strange situation. That is, how we evaluate a cloudy day. It is not a fine day and not a rainy day. 
Utilization of Expert Judges
Social environments change continually and rapidly. As I first stated, we may encounter what we cannot deal with if completely unexpected things happen even though we introduced probability theory. In this regard, I think we must use the knowledge of experts for the precaution.
I would like to emphasize again that knowledge from actual experts, such as firefighters, fire researchers, etc., in other words opinions from expert judges, are extremely important. I have proposed a mathematical model for the purpose of utilization of expert judges.
Conclusions
Now, I would like to close my presentation by summarizing the following conclusions.
It is necessary for fire prevention engineering to introduce probability, and we always have to improve fire prevention since unexpected phenomena occur, and finally, we should make the best use of expert judges.
